Abstract. How do odor preferences arise? Following Palmer and Schloss's (2010, PNAS, 107, 8877-8882) ecological valence theory of color preferences, we propose that preference for an odor is determined by preferences for all objects and/or entities associated with that odor. The present results showed that preferences for familiar odors were strongly predicted by average preferences for all things associated with the odors (eg people liked the apple odor which was associated with mostly positive things, such as apples, soap, and candy, but disliked the fish odor, which was associated with mostly negative things, such as dead fish, trash, and vomit). The odor WAVEs (weighted affective valence estimates) performed significantly better than one based on preference for only the namesake object (eg predicting preference for the apple odor based on preference for apples). These results suggest that preferences for familiar odors are based on a summary statistic, coding the valence of previous odor-related experiences. We discuss how this account of odor preferences is consistent with the idea that odor preferences exist to guide organisms to approach beneficial objects and situations and avoid harmful ones.
Introduction
In their previous work on color preferences, Palmer and Schloss (2010) proposed the ecological valence theory (EVT), which states that preference for a given color can be explained by the combined valence (liking/disliking) of all objects and entities associated with that color. Such preferences can then steer organisms to approach objects that lead to beneficial outcomes and avoid those that lead to harmful outcomes. Indeed, people generally like vivid blue, which is associated with mostly positive things such as clear sky and clean water, whereas they tend to dislike dark yellow (a greenish brown), which is associated with mostly negative things such as biological waste and rotting food.
The EVT generated several testable predictions about the nature of color preferences, which have been empirically supported: (1) average color preferences are well predicted by preferences for all objects associated with the colors (Palmer & Schloss, 2010; Taylor & Franklin, 2012) ; (2) color preferences can be changed by showing people affectively biased images of objects of particular colors (Strauss, Schloss, & Palmer, 2013) ; (3) individuals and cultures have different color preferences to the extent that they have different preferences for the same objects or experience different objects (Palmer, Schloss, & Hawthorne-Madell, submitted; Yokosawa, Schloss, Asano, & Palmer, submitted) ; and (4) people like colors associated with their own social group more than do members of their rival social group (Schloss & Palmer, 2014; Schloss, Poggesi, & Palmer, 2011) . Although the EVT framework has previously been applied to only colors, we propose that it is generally applicable to preferences in any modality in which sensory experiences are selectively associated with different ecological objects/situations to which people have different affective responses.
The goal of the present study was to test whether the EVT's first prediction applies to odor preferences: preference for a given odor can be predicted by the average preferences of all objects and entitles associated with the odor. To do so, we adapted Palmer and Schloss's (2010) procedure to odors, comparing average odor preferences with a measure called the weighted affective valence estimate (WAVE) of the corresponding odors. The WAVE is the average of the valence (like/dislike) ratings for all objects associated with each odor, weighted by ratings of how well the odor of the associated objects matched the relevant test odor. The WAVEs were calculated from data produced by three groups of participants. The object-description group smelled each of 31 Sniffin' Sticks odors, all known to be strongly familiar (Hummel, Sekinger, Wolf, Pauli, & Kobal, 1997) , and wrote down descriptions of the objects they associated with each odor. The object-valence rating group rated the valence of a condensed set of those objects. The odor-object match rating group rated how well the odors that elicited the object matched the actual odor of the described objects. The WAVE was computed for each odor by multiplying the valence of each associated object by the match rating for that object-odor pair (as a weighting factor) and then calculating the mean of the products. In the domain of color such WAVE measurements explained 80% of the variance in average color preferences with no estimated free parameters (Palmer & Schloss, 2010) . The present study asked whether there is a similarly strong relation between odor preferences and odor WAVEs.
The WAVE approach allowed us to evaluate the EVT's account of odor preferences and to compare it with three other potential explanations. The simplest alternative is the singleassociate hypothesis, according to which people would associate only one object with each odor (eg listing 'apples' for only the apple odor), and preference for an odor (eg apple) would be determined by preference for the single object type that produced the odor (eg apples). A second, related account is the namesake hypothesis, according to which people associate several objects with each odor, but preference for a given odor (eg apple) is better predicted by preference for the namesake object the odor was designed to smell like rather than to the combined preferences of all associated objects. A third account is the edibility hypothesis. If odor preferences are determined primarily by edibility (Ayabe-Kanamura et al., 1998), then one might expect that the odors more associated with edible objects would be preferred to odors that are not as strongly associated with edible objects. We therefore also collected data from another group of participants about whether each of the objects/entities that were associated with the odors was edible. We note that the edibility hypothesis does not take into account that some foods (such as cookies) are typically preferred to other foods (such as vinegar), a distinction crucial to the WAVE calculation. Finally, we also tested a regression model that included both object edibility and valence as predictors.
The present approach may seem similar to a previous method for predicting odor preferences, called odor profiling. In this method researchers aimed to predict how much people would like odors (or how bothered they were by pollutants) based on their preferences for the odor descriptors (eg soapy, floral, spicy, nutty) (Dravnieks, 1983; Dravnieks, Masurat, & Lamm, 1984) . However, unlike the WAVE procedure, which attempts to predict particular odor preferences from all objects that typical people associated with those particular odors, odor profiling uses a single list of descriptors generated by experts working in the food and chemical industry for all odors. Experts are typically practiced in assessing complex stimuli by evaluating their components in an analytical way (such as noticing a 'stalky odor' in apples), which may not be part of a typical, nonexpert's synthetic, or holistic experience (Prescott, 2004) . Thus, the associates that nonexperts produce to a particular odor could be quite different from the 'notes' detected by trained experts. To evaluate whether odor preferences are based on a summary statistic of the valences of all objects/entities actually associated with an odor, it is necessary to use a WAVE-like procedure to compile a comprehensive list of the objects and entities associated with the odors.
Although the focus of this study is on the first prediction of the EVT, there is already evidence in the odor literature supporting some of the other predictions described above. The odor-analog of the second prediction is that preference for an odor can be changed by pairing positive/negative experiences with that odor. Indeed, people like novel odors better or worse depending on whether they experience the odors while playing a fun, monetarily rewarding video game or an annoying, monetarily penalizing video game, respectively (Herz, Beland, & Hellerstein, 2004) . They also like odors more or less if they are prompted to associate them with positive or negative odor sources, respectively (de Araujo, Rolls, Velazco, Margot, & Cayeux, 2005; Djordjevic et al., 2008; Herz & von Clef, 2001 ). For example, participants liked the smell of an isovaleric butyric acid mixture better when it was called 'parmesan cheese' than when it was called 'vomit' (Herz & von Clef, 2001) .
The odor-analog of the EVT's third prediction is that individuals and cultures will have different odor preferences to the extent that they have different preferences for the same objects or experience different objects. Accordingly, British participants strongly disliked wintergreen (methyl salicylate) where it was associated with sickness and medicine (Moncreiff, 1966) , whereas American participants strongly liked the same odor, where it was associated with delicious candies (Cain & Johnson, 1978 ; also see Herz et al., 2004) . Likewise, preference for the clove (eugenol) odor in dental cement depended on whether people were afraid of dental procedures (Robin, Alaoui-Ismaili, Dittmar, & Vernet-Maury, 1998) , and preference for ambient odors (eg pine or lavender) placed in university bathrooms and a therapeutic massage office depended on how much people enjoyed their bathroom and massage experiences, respectively (Baeyens, Wrzesniewski, De Houwer, & Eelen, 1996) .
These results support the idea that odor preferences are strongly influenced by the affective valence of experiences, which is consistent with the EVT and supports an associative learning account for odor preferences (Bartoshuk, 1991; Engen, 1991; Hermans & Baeyens, 2002; Herz, 2001 ). This type of associative learning is often referred to as evaluative conditioning, in which preference for a stimulus changes after it is paired with some other positive or negative stimulus (De Houwer, Baeyens, & Field, 2005; De Houwer, Thomas, & Baeyens, 2001; Hofmann, De Houwer, Perugini, Baeyens, & Crombez, 2010) . It is not always necessary to have had direct experiences with odors in specific emotional contexts for those contexts to affect emotional responses to odors (Herz et al., 2004) . Even if one has never been trapped in a burning house before, the knowledge that smoke signals danger is sufficient to elicit a negative reaction from smelling smoke indoors.
However, not all odor preference researchers endorse an experience-based account. Instead, many argue for an intrinsic account suggested by strong correlations between odor pleasantness and physiochemical properties of odorants, such as molecule size (Khan et al., 2007; Yeshurun & Sobel, 2010; Zarzo, 2011) . Further pleasantness for novel odors can be predicted by electronic noses (eNoses) whose response is based solely on chemical properties of odors (Haddad, Medhanie, Roth, Harel, & Sobel, 2010) . Even within this intrinsic account, however, one must still explain why some physiochemical properties are more preferred than others. The EVT is agnostic about whether odor preferences are entirely learned or there is some innate component, but it does predict that if there is an innate component, it arises because such a bias is evolutionarily adaptive. In a similar vein, others have argued that organisms may like/dislike the smell of odorants with certain physiochemical properties because those properties are markers of evolutionarily beneficial/harmful objects (eg Zarzo, 2011) . Indeed, rats who have never before encountered a cat demonstrate fear when they smell a cat odor (Dielenberg & McGregor, 2001) , suggesting an innate bias that is evolutionarily adaptive. The present study does not speak to the issue of how much of odor preferences are intrinsic or learned.
We also note that odor researchers generally believe that odor preferences signal organisms to approach beneficial objects and situations and avoid harmful ones (Herz et al., 2004; Proetz, 1953; Yeshurun & Sobel, 2010; Zarzo, 2011) . For example, odors can signal whether a food is fresh or rotten, whether an environment is safe or filled with noxious substances, and whether a potential mate is genetically different enough, but not too different, to produce healthy offspring (see Stevenson, 2010) . Odor preferences can thus act as a proxy for this approach/avoidance signal, which is adaptive to the extent that organisms like odors that are paired with beneficial objects/situations and dislike those that are paired with harmful ones. The EVT view of odor preferences differs from the previous affect-based view that odor preferences are largely determined by the emotional state of the observer when the odor is first encountered (eg Herz, 2001 Herz, , 2006 because the EVT account is based on a cumulative summary statistic of many such experiences over time. If olfaction truly exists to steer organisms to approach/avoid beneficial/ harmful objects, it would be adaptive if the olfactory system continually updates preferences as it gathers information about new odor-associated objects and/or entities.
Methods

Participants
The participants were Occidental College undergraduates who received course credit or cash payment for their participation. Each participant completed one of five tasks: odor-association descriptions (n = 32), odor-preference ratings (n = 30), object-valence ratings (n = 45), objectedibility judgments (n = 11), and odor-object match ratings (n = 15). The relative number of participants per task was loosely based on the relative number of participants who completed the corresponding tasks with colors in Palmer and Schloss (2010) but was reduced by roughly a factor of 2 due to limited subject availability. Reliability analyses (see appendix, table A1) indicate good reliability across subjects despite the smaller sample size. The number of participants in the object-edibility task was lower than the other tasks because we expected strong agreement across participants (confirmed by reliability analyses; see table A1). All participants gave informed consent, and the Occidental College Human Subjects Research Review Committee approved the protocol.
Stimuli
The olfactory stimuli were 31 Sniffin' Sticks odor pens (Burghart Messtechnik GmbH) that were designed for clinical assessment of olfactory function (Hummel et al., 1997) . The odors tested were apple, banana, chocolate, cinnamon, cloves, coconut, coffee, coke, fish, garlic, ginger, grapefruit, grass, honey, lavender, leather, lemon, lilac, licorice, melon, mushroom, onion, orange, peach, pear, peppermint, pineapple, raspberry, rose, smoked meat , and turpentine. The odors were coded by a number written on the side of the pen, and only the experimenters knew the number-odor mapping. Because the pens were identical except for the colors of the ends of the pens, the ends were covered with black electrical tape so that the color was not visible. Some of the odors (eg orange) were derived from natural ingredients, whereas others (eg rose) were synthetic. An air purifier (Sharp KC-86OU) ran continuously during all tasks that used the odor pens.
Design, displays, and procedure
The present experiment included five between-subject tasks: (i) odor-preference ratings, (ii) object descriptions, (iii) object-valence ratings, (iv) odor-object match ratings, and (v) object-edibility determinations.
2.3.1 (i) Odor-preference rating task. Participants first smelled 12 pens (selected to span the range of preference) one at a time in random order to get an idea of the range of odors they would be asked to rate. They were asked to consider which odor they liked most and which odor they liked least. This anchoring procedure was done so that participants understood what liking odors 'not at all' and 'very much' meant for them within the context of the present odors (Palmer, Schloss, & Sammartino, 2013) . Participants then rated their preference for each of the 31 pens, one at a time in random order. To do so, they made a line-mark rating on a slider scale that ranged from 'not at all' (left end-point; -100) to 'very much' (right end-point; +100). The center of the scale was marked to provide a neutral (0) point.
(ii)
Object-description task. Participants were given one odor pen at a time in random order. They were instructed to smell the odor and think of as many objects or concepts as they could that they associated with the odor. They typed these object/concept descriptions into a text box displayed on a computer monitor with no time limit and pressed 'enter' to go onto the next trial. Participants were asked to be as specific as possible but not to name objects that would not be known by other people (eg "my best friend's perfume"). They were told that the experimenters were interested in all items of which the pens reminded them, whether pleasant or unpleasant. Once participants said they were finished with a particular pen, it was recapped, and they were handed another pen.
This procedure produced a total of 2832 object associations across all thirty-two participants. These items were then compiled into a condensed list using a procedure similar to that used by Palmer and Schloss (2010) for color-object associations. First, all of the redundant object associations were combined (eg several people reported 'banana' for the banana smell). Unlike the condensing procedure used by Palmer and Schloss (2010) , we included objects that were mentioned only once to accumulate a more comprehensive list. Objects were then grouped together in cases where synonyms were used [eg 'cinnamon gum' and 'Big Red gum' were combined and referred to as 'Cinnamon gum (eg Big Red)']. This process resulted in a total of 791 separate items across all of the pens. Note that, in many cases, the same object was listed for several pens (eg 'forest' was mentioned for the grass, lavender, leather, mushroom, and rose odors).
(iii) Object-valence rating task.
Participants were first given a list of 12 sample items (baked goods, dirty toilet water, furniture, grocery store, oranges, rotting trash, socks, unwashed stale man, vanilla, vacation, vomit, warm) to give them an idea of the range of descriptions they would see. They were then presented with each of the 791 object descriptions as black text on a white background, one at a time in a random order. They rated how much they liked each object/entity using the same line-mark slider scale as in the odor-preference task. They were also given the option of indicating that they did not know what a given item was (eg 'terrarium') instead of rating it. When calculating the average of the odor-valence ratings, we excluded the cases in which participants indicated not knowing the object. We allowed this option because we had chosen not to exclude objects that might be more obscure (as Palmer and Schloss, 2010, had done) so that the object description list would be as complete as possible. Of the 791 objects, 626 objects were recognized by all participants and 765 of the objects were recognized by at least forty (of forty-five) participants. The most unfamiliar objects were raspberry lime rickey (unfamiliar to twenty-one of the forty-five participants), terrarium (unfamiliar to sixteen), and castor oil (unfamiliar to fifteen).
(iv)
Odor-object match rating task. Participants smelled each of the 31 odors one at a time in random order. For each odor they were first given a list of all item descriptions that had been given as associated with that odor and were asked to consider which was the best match and which was the worst match for that particular odor. They were then presented with each item, one at a time in a random order, and asked to rate how well the item's odor matched the pen's odor on a scale from 'very poorly' to 'very well'. These data were collected on the same -100 to +100 scale described above, but rescaled to range from 0 to 1. Participants had the option of indicating that they did not know what a given item was instead of rating it.
When calculating the average of the odor-object match ratings, we excluded the cases for which participants said they did not know what the objects were. Because some items were named for multiple different odors (eg 'forest'), there were 1632 match trials in total. For 242 of these odor-object combinations, at least one person indicated 'do not know'; and for 32 combinations, three or more people indicated 'do not know'. The objects with the most 'do not know' responses were gardenia flower (6), kimchi (5), lychee (5, counted twice as it was tested as a match for both clove and peach odors), plumeria flowers (5), and terrarium (5).
2.3.5 (v) Object-edibility task. Participants were presented with each of the 791 object descriptions as black text on a white background, one at a time in a random order. They indicated whether each object was edible or not by clicking on either a 'yes' or a 'no' box. They were also given the option of indicating that they did not know what a given item was instead of evaluating it. When calculating the proportion of participants who thought an item was edible, we excluded the cases in which participants said they did not know what the objects were. For example, if eight out of eleven participants made the edibility judgment for a given item and three participants reported that they did not know what the object was, then the edibility score for that item was calculated as the number of people who reported it was edible divided by 8. There were 35 items that at least one person indicated not knowing. The items that received the most 'do not know' responses were kimchi (unfamiliar to four of the eleven participants), oaky (3), and raspberry lime rickey (3).
Results and discussion
We first describe participants' odor preferences ratings for the 31 Sniffin' Sticks. We then test the EVT's prediction that odor preferences can be explained by the combined preference of all the objects associated with the odors. Finally, we test this account against the singleassociate, namesake, and edibility hypotheses described in the introduction. Figure 1 shows the odor preferences for each pen, averaged across participants (also see table A2 in the appendix). The fruity and minty smells were generally most preferred; and the savory, meaty smells were generally least preferred. These preference ratings are similar to the hedonics ratings from Hummel et al. (1997) for the 15 pens that were common to both studies (r = 0.76). 
Odor preferences
The data that were used to compute the WAVEs can be found in table S1 in the supplementary material (http://dx.doi.org/10.1068/p7807). Appendix A includes reliability analyses for each taste (table A1) and WAVEs for each odor (table A2) .
As shown in figure 2, there is a strong correlation between odor preferences and WAVEs (r = 0.87, p < 0.001), indicating that people like odors that remind them of positive objects and dislike odors that remind them of negative ones. The odor WAVEs explain 76% of the variance in average odor preferences with no free parameters, which is comparable with the 80% variance that color WAVEs explained in average color preferences (Palmer & Schloss, 2010) . We also tested for a relation between odor preferences and number of objects associated with each odor, given that Taylor and Franklin (2012) found that more highly preferred colors were associated with fewer objects. Here, we observed no significant relation between odor preferences and the number of associated objects (r = -0.29, p = 0.11).
One questionable aspect of the odor WAVEs is that most of them are positive, even though several of the average odor preference ratings were negative. Palmer and Schloss (2010) reported a similar issue for color preferences and WAVEs. This discrepancy may be due to people underreporting negative objects if they were too shy to report gross and disgusting things (cf Palmer & Schloss, 2010) . Alternately, participants might be biased toward generating/thinking about positive objects.
It is worth noting that, when the weighting factor (w po ) was eliminated from the equation, the resulting odor affective valence estimate (AVE) explained just as much variance (77% ; r = 0.88) as the WAVE did. This result differed from Palmer and Schloss's (2010) result for colors, in which the unweighted object preferences explained less variance (69%) than the weighted ones (80%). It is unclear why there might be this discrepancy between the usefulness of the weighting factor in predicting odor preferences versus color preferences. One possibility is that the object-odor matches in the present study may simply have been noisier than the corresponding object-color matches in the color study.
Evaluating the single-associate hypothesis
One alternative to the EVT's hypothesis that the valence of all associated objects matters is the possibility that there might be a one-to-one correspondence between the smell of a given pen and one particular object associated with that smell (eg the apple pen might smell only like apples). If so, it would not be too surprising to find that people like an odor to the degree that they like the single object that produces that odor. Although it is logically possible that people may dislike the smell of objects they like, such as if one dislikes the smell of dogs, but loves dogs, this sort of mismatch is relatively uncommon. The fact that there were so many associates with each pen is consistent with the claim that people have difficulty with odor recognition (Cain, 1979; De Wijk & Cain, 1994; Lawless & Engen, 1977; Yeshurun & Sobel, 2010) . Further, the valences of these objects were broadly distributed, with each pen eliciting both positive and negative object associations (see histograms in figure 3).
We tested this single-associate hypothesis by first identifying the object named most frequently for each pen. We then calculated the correlation between average preference ratings for the 31 odors and average preferences for the most frequently named object for each odor. Although there was a significant positive correlation (r = 0.39, p < 0.05, 15% variance explained), it was weaker than the relation between odor preferences and WAVEs (correlations compared using the Fisher r-to-z transformation; z = 3.45, p < 0.001). Therefore, odor preferences are better predicted by a summary statistic of preferences for all objects associated with the odor than by preference for the single object most frequently associated with the odor. We also considered the possibility that each participant associated only a single object with each odor, and we obtained a large set of objects per odor only because different participants had different associations. However, the mean number of objects associated with each pen (53 objects per pen; range = 23-72), even after the condensing procedure described in the methods, exceeded the total number of participants (thirty-two) in the object-associations task. Further, individual participants reported an average of 3 objects per odor, so we can conclude that participants associated multiple objects with each odor. The strictest test of the single-object hypothesis would require examining whether individual participants' odor preferences are better predicted by their own personal WAVEs than by a their preferences for their single, most strongly associated object. Although this has not yet been examined for odor preferences, there is evidence that personal WAVEs can account for individual differences in color preferences (Palmer et al., submitted) .
Evaluating the namesake hypothesis
Given that people associated many objects and entities with each odor, the next question is whether WAVEs, which include all associates, predict odor preferences better than the valence of the 'namesake' object (ie the object that each pen was produced to smell like). For example, does preference for 'apples' account for the preference for the smell of the apple pen as well as the complete WAVE does? We addressed this question by correlating the odor preferences with the mean valence of the namesake objects (for example, preference for the apple pen with the mean valence only for apples, preference for the orange pen with the mean valence only for oranges, etc). We had valence ratings for all of the namesake objects except "turpentine", which was not listed during the object-description task (see table A2 ). We therefore computed the correlations between odor preferences and namesake object valences for the remaining 30 pens. This correlation was 0.55 ( p < 0.01; 30% variance explained), which is significantly lower than the correlation between the odor preferences and WAVEs for those 30 pens (r = 0.87, p < 0.001; 76% explained) (correlations compared using the Fisher r-to-z transformation; z = 2.63, p < 0.001; and not significantly different from the correlation between the pen preferences and the single-associates correlation, z = 0.77, p > 0.05). Thus, preference for a given odor is better predicted by the average valence over all the objects associated with the odor than by the valence of the odor's single namesake object.
Evaluating the edibility hypothesis
The edibility hypothesis predicts that people like odors to the extent that they remind them of edible objects. To test this hypothesis, we calculated the weighted edibility estimate (E o ) using an equation analogous to the WAVE equation, but replacing the valence rating for each object (v o ) with its edibility score (e o ). The edibility score was calculated as the proportion of participants who judged the object as edible in a yes/no task, and the weighting term (w so ) was the same as the match scores (how much the pen odor smelled like the odor of the named object):
The edibility scores for each object can be found in table S1 in the supplementary material and their reliability analyses can be found in appendix A (table A1). The weighted edibility estimates are reported in table A2 for each odor. Of the items we tested, 327 were considered edible by less than 25% of participants, and 374 items were considered edible by 75% or more of the participants. There were 90 items considered edible by between 25% and 75% of the participants. The latter included items such as toothpaste, insects, mouthwash, old food, and snow.
There was a weak, but significant positive correlation between average odor preferences and the weighted edibility estimates (r = 0.35, p < 0.05, 13% variance explained). Although these results support the hypothesis that people prefer odors that remind them of edible objects, edibility does not account for odor preferences nearly as well as WAVEs computed from preferences for associated objects (r = 0.87, 76% variance explained). We also tested whether weighted edibility estimates accounted for independent variance in odor preferences beyond that explained by the odor WAVEs by including both factors in a multiple linear regression model. However, the weighted edibility estimates explained no additional variance after accounting for odor WAVEs, largely because the two predictors were significantly correlated with each other (r = 0.41, p < 0.05).
After testing all four hypotheses, it is clear that the odor WAVEs were the strongest predictors of preferences for the familiar odors we tested, supporting the EVT approach to odor preferences: people tend to like/dislike an odor to the degree that they like/dislike all of the objects/entities that are associated with that odor.
General discussion and conclusions
The goal of the present study was to test whether the EVT of color preferences can be extended to account for odor preferences. The EVT posits that preference for a given color is determined by the combined valence (liking/disliking) of all objects associated with the color, and those color preferences steer organisms to approach beneficial outcomes and avoid harmful ones (Palmer & Schloss, 2010) . Here, we extended the EVT to the olfactory domain by asking whether preference for a given odor could be explained by preferences for the objects and/or entities associated with that odor as estimated by odor WAVEs. The results showed that odor WAVEs explained 76% of the variance in preferences for the familiar odors we tested, far more than alternative accounts in terms of preferences for namesake objects and the edibility hypothesis. The EVT's claim that odor preferences can be well understood as being based on a summary statistic of people's affective responses to all things associated with the odor is thus well supported by our findings.
The relative contribution of different associated objects within the summary statistic can differ depending on context. For example, the odor of burning wood can be associated with campfires (positive valence) and burning houses (negative valence), both of which factor into preference for burning wood odor. Nevertheless, those associations are likely to be weighted differently depending on which is more relevant in the given situation (eg cooking out during a camping trip vs awakening to one's house on fire). This differential weighting would then determine whether the odor provides an approach signal and is liked (as experienced on the camping trip) or an avoid signal and is disliked (as experienced inside a burning house). This idea that people's evaluation of a given stimulus is influenced by contextual cues is consistent with the notion of situated conceptualization (Barsalou, 2003; Wilson-Mendenhall, Barrett, Simmons, & Barsalou, 2011) . In this framework concepts and emotions, in general, are not represented in isolation but rather depend on the concurrently activated setting, agents, objects, behaviors, and events (eg the concept bee has positive or negative valence depending on whether bees are associated with flowers and honey as opposed to stinging and swelling). It is well known that odor preferences can be biased by what objects were thought to produce the odor (de Araujo et al., 2005; Djordjevic et al., 2008; Herz & von Clef, 2001) , and a system that instantiates such biases in a relatively rapid hedonic response would facilitate selection of appropriate behavior. Given the diversity and molecular complexity of odors one might encounter, a preference system that relies on associated object valences is not only more parsimonious than one relying on large number of different hard-wired responses for each potential odor but more adaptive, due to its ability to learn from new experiences.
Although the present results are correlational, there is already causal evidence that odor preferences are learned and can be manipulated by positive/negative experiences (eg video games) and associations (eg labels) with the odors (de Araujo et al., 2005; Herz et al., 2004; Herz & von Clef, 2001) . However, there is also evidence for the opposite causal directionpeople's evaluations of a stimulus can be influenced by the pleasantness of the odor. For example, people judge faces to be more likeable when they are paired with pleasant odors than with unpleasant odors, so long as the odors are not consciously perceived (Li, Moallem, Paller, & Gottfried, 2007) , and there is electrophysiological evidence that faces are processed differently depending on whether there is a pleasant odor present (Bensafi et al., 2002) . But where do those odor preferences come from in the first place?
It is still an open question whether and how the EVT would apply to preferences for unfamiliar odors. The most obvious prediction might be that preference for a truly novel odor -that is, an odor that is unlike any previously encountered odor-should be neutral because there would be essentially no input into the summary statistic due to there being no objects associated with the odor. Under those circumstances, it is possible that the system would default to intrinsic preference factors related to molecular size and shape, but the present results do not address this issue. The EVT's prediction for a relatively novel odorone that had never been experienced before, yet still reminds people of the odors of familiar objects-would be that preference would be derived from the valences of those objects that smell like the relatively novel odor. The extent to which this occurs is an empirical question that warrants future research.
Although EVT posits that odor preferences initially come from the valences of experiences with particular objects, it also implies the existence of a feedback loop. Existing odor preferences cause affective experiences with the given objects to be more positive (or negative), which should then influence how people judge and approach/avoid those objects and situations in the world (see Schloss & Palmer, in press , for a discussion of the feedback loop with respect to color). The affective outcome of those further experiences with objects should then update odor preferences and perpetuate the cycle.
In addition, there is evidence that odor preference increases with familiarity (eg Distel et al., 1999; Distel & Hudson, 2001; Engen & Ross, 1973) . It is not clear from the EVT prospective why odor preference should increase as odors become more familiar, unless odors that are associated with more positive experiences tend to be experienced more often, thereby increasing their familiarity. However, if mere familiarity could completely account for odor preferences, then people should have a greater preference for common odors produced by unpleasant objects (eg kitchen trash that needs to be taken out) than rare odors produced by pleasant objects (eg a tropical flower experienced only abroad), which seems unlikely. More recently, it has been proposed that the relation between odor preference and familiarity may hold only for positive odors (Delplanque et al., 2008) . If people like odors that are associated with familiar positive objects and dislike odors that are associated with familiar negative objects, then this sort of familiarity account could be consistent with the EVT.
Finally, we note that there is a debate in the literature concerning whether odor preferences depend on object recognition or whether they arise prior to recognizing the source of the odor (Olofsson, Bowman, Khatibi, & Gottfried, 2012) . It has long been held that affective responses can occur without object recognition (Zajonc, 1980) . However, Olofsson et al. (2012) found that people are faster and more accurate at recognizing odor sources than making odor valence judgments. They argue that this result implies that odor object recognition precedes affective responses to odors, where odor perception arises from comparing inputs to the olfactory system with memory templates (Stevenson & Boakes, 2003) , and affective responses to the matched memory produces odor preferences. Additionally, recent work on understanding the olfactory system has emphasized object-level processing as the main function of the olfactory system (Gottfried, 2010; Stevenson & Wilson, 2007) , in contrast to approaches that focus on hedonic aspects of olfaction (Haddad et al., 2010; Khan et al., 2007; Yeshurun & Sobel, 2010) .
Although the present study was not designed to directly speak to this issue, there are some findings that may be relevant to the debate. The fact that odor preferences are related to preferences for associated objects suggests that the valences of objects do contribute to odor preferences. However, it seems highly unlikely that participants consciously recognize all of the objects associated with a given odor during the very brief period between smelling the odor and making their preference rating. We have presented evidence that odor preferences are better predicted by WAVEs than by preference for the most frequently associated object or by preference for the namesake object, which suggests that the valences of multiple odorassociated objects contribute to odor preference. We have not ruled out the possibility that different individuals have different associations with each odor (producing the aggregate set of ~53 objects per odor), and that an individual's odor preferences are determined by his or her conscious recognition of the ~3 objects (on average) he or she associates with the odor. Given that individuals do produce a wide variety of associates for a given odor, a systematic study of individual differences will be necessary to understand in detail how object associations relate to odor preferences.
In summary, we report evidence that preferences for familiar odors are determined by preferences for all of the objects and entities associated with the given odor. These results mirror findings in the color preference literature, where color preferences are shaped by experiences with correspondingly colored objects and entities (Palmer & Schloss, 2010; Schloss & Palmer, 2014; Schloss et al., 2011; Strauss et al., 2013; Taylor & Franklin, 2012) . We therefore believe that odor and color preferences in human adults may be governed by similar, associative learning mechanisms. 
